A lithium drifted silicon detector and a multichannel analyzer system have been combined with a multiple anode soft X-ray generator and a high vacuum sample handling system to provide an X-ray fluorescence unit for quantitative analyses of the elements from oxygen to iron. A relatively rapid, accurate, and reproduceable sample preparation technique and a method for sample matrix absorption corrections are described •
INTRODUCTION
The use of lithium drifted silicon detectors for the detection of X-rays was reported several years ago (1), however, inadequate resolution for photons of less than 10 keV made even qualitative soft X-ray analysis difficult. The production of better crystals and improvements in electronic detection techniques (2) have led to .the present generation of high resolution detectors which are capable of detecting and resolving carbon, nitrogen, and oxygen X-rays ( 3, 4) . The spectrometer and techniques described here are the results of efforts to extend the use of these detectors to quantitative analysis of the elements from oxygen to iron through the development of a multiple anode soft X-ray generator, a simple high vacuum sample transfer and referencing system, and a relatively rapid, accurate and reproduceable method of sample preparation.
In addition, a method of calculating sample matrix absorption effects is described which gives easily applied corrections for compositional differences between a calibration standard and an unknown sa.niple. This in turn allows an accurate analysis of widely varying types of samples with a single calibration standard.
MULTIPLE ANODE SOFT X-RAY GENERATOR
Anode and Filter Assembly. A schematic sketch of the spectrometer is shown in Figure 1 . The rotating anode mount accepts six 6.35 mm x 22.2 mm hollow cylindrical anodes which are held in place by 3 .175 mm hand matched copper rod screws passing through the center of each anode. One exception is the silver anode which was made by plating 0.051 mm of high purity silver on a 6.30 mm -2-LBL-1616 diameter solid copper cylinder screw. The other anode cylinders were made from 99.98% or higher purity magnesium, aluminum, silicon, titanium and nickel (5) .
The anode cylinder holding screws are firmly tightened to provide maximum thermal contact between the anode material, and mount. This is particularly important in the cases of magnesium and aluminum since they are relatively low melting materials, and poor contact may cause overheating and contamination of the spectrometer interior with their vapor. The malleable nature of Mg and Al allows good contact with the cylinder wells after applying a firm turn to the holding screws.
Each anode has two nickel plated copper partitions between it and its neighbors to eliminate cross contamination from line of sight sputtering.
A cross sectional sketch of the anode assembly mounting is shown in The top of the rotating anode is gold plated to assure good electrical contact with a gold plated stationary spring wire which carries the anode 4 current. The anode current passes through a 10 ohm resistor to ground and the voltage thus generated provides an accurate measure of the current. The voltage is fed into a voltage to frequency converter and the resultant pulses are attenuated and fed to the multichannel analyzer being used for pulse height analysis. Pulse attenuation is adjusted so that the current signal is stored in the first few analyzer channels for an accurate calibration of each run.
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Water cooling is supplied via a thin tube down the center of the rotating anode mount. The stationary water source and return tubes are concentric and are coupled to the rotating anode by a fitting with an 0-ring seal on the return tube.
A summary of the anodes and filters used in the spectrometer is given in Table I . The filter foils are mounted on carbon washers which are held in place in recesses on the filter wheel with spring retainer rings.
The magnesium filter was made by slowly etching a 0.0254 mm high-purity foil with a dilute 100:1 aqueous solution of reagent grade HN0 3 to a thickness of roughly 0. 015 mm.
The silicon filter was made by vapor depositing high purity silicon onto 0.0064 mm mylar film. Three cross stacked foils yielded the equivalent of 2.35 mg/cm 2 of Si or 0.015 mm of Si on 0.018 mm of mylar.
The silver foil was made by vapor deposition on detergent coated glass with subsequent floating and mounting of the free foil on a carbon washer.
The filter wheel is made of copper, and both it and the anode are nickel plated.
Electric Gun. A cross sectional schematic diagram of the electron gun is shown in Figure 3 . The interior of the nickel plated soft iron case is lined with 0.127 mm tantalum foil, spot welded into place prior to filament or grid placement. The back of the gun has a large opening which allows the outer tantalum surface,.with its higher emissivity, to radiate to the chamber interior.
Initial experiments, in which iridium filaments were used, indicated that the case could become a field emitter as power input to the filaments Observation of the discoloration patterns on the anodes after many hours of analysis indicate a smooth hot spot free region of electron bombardment and X-ray generation of roughly 50 mm 2 in area.
Experiments on X-r~ flux reproducability indicate variations of the order of 0.5% o~ less for each anode when rerun in place over a period of one hour. The reproducability from day to d~ with target rotation and sample changes is of the order of one to two percent.
The electron gun filament is powered by a ten amp, 18 volt DC filament supply with 12 kV isolation (6) . Under normal operating conditions the filament draws roughly 0. When it is necessary to bring the spectrometer chamber up to air, a 0.13 mm thick berillium window is moved in place of the 56 ugm/cm 2 aluminum window in order to maintain the detector at a high vacuum. Both windows are mounted on an aluminum paddle which slides over a 0-ring, thus providing a two position gate valve (4) . The paddle is held against the 0-ring by a teflon bearing surface. A channel has also been added behind the aluminum window to provide better pressure e~ualization since slight pressure differentials can damage the delicate aluminum window as the chamber is brought up to air or pumped back down.
Slow leak metering valves are used to slowly bring the system up to air -2 or to rough it back down to 10 torr. A larger valve is opened to rough to 10-4 torr or better prior to starting the ion pump.
The aluminum window between the detector and sample is made by vapor depositing approximately 30 ug/cm 2 of high purity aluminum onto glass which has ._ ......
.. Each cell· has a phosphor bronze spring designed to hold. a 2.54 em diam.
by 1 to 2 mm thick sample disk against the referencing surface.
DETECTOR
The lithium drifted silicon detector was built at U.C.L.B.L. and is similar to those described previously (3, 4) , with the exception of using a side mount detector arrangement with crystal cooling occurring via copper battery To restore efficiency, the detector is turned off and brought to room temperature for 30 minutes while under vacuum and being pumped by the vac-ion pump. The system is ready to operate again upon recooling within an hour. The detector resolution has not changed after more than 10 such cyclings and the efficiency for oxygen X-rays has been restored to approximately the same level each.time.
-·· vitreous carbon rod (10) that is being rotated in a small battery powered cocktail stirrer. Following a final 5 or 10 second stir, the glass is poured into a 2.54 em diameter nickel plated copper ring resting on a polished vitreous carbon disk (10) which is at 250°C. A thick flat gold foil that is silver soldered to a copper block is then brought down on the molten glass blob to press i t into the ring and against the carbon. The gold surface is held paralleJ_ to the plane of the ring by a simple lever system, much like an old fashioned orange juice maker. The gold foil press is removed after 2 seconds and the glass pill is allowed to anneal at 250°C for several minutes.
The vitreous carbon disk and glass pill rest in an aluminum holder on a hot plate. The sample-carbon disk-holder unit can be moved to a second hot plate and replaced by one of several units, ready for the next pour and press. The polished vitreous carbon surface appears to be free of detectable major element contaminants as judged from analysis in the spectrometer of pure The glass sample pills are stored in a vacuum dessicator to minimize the effects of long term exposure to the laboratory atmosphere. Moisture .... ,"'.
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The "absorption correction", { i ' is the factor in braces in the equation above. The mass absorption coefficients tabulated by McMaster et al. (13) were used in the work reported here.
In the analysis of the USGS standard rocks the largest absorption corrections occur in the determination of iron using nickel X-rays. The extreme -14-LBL-1616 The sodium and magnesium analyses required 10 minutes each per sample.
Under the same conditions, if two to four percent numbers are adequate for Na,
Mg and Ti at these levels, then one percent numbers can be obtained for the remaining elements that are present at or above the 1% level in a total analysis time of 10 minutes per sample.
Results obtained for manganese and chromium during these analyses have not been included in Table II due to uncertainties in absolute calibration. J0nce an accurate calibration is obtained, the spectrometer should yield a 1% Mn or Cr analysis at the 1000 ppm level in less than five minutes, and at the same ·time provide good numbers for the rest of the elements from potassium to iron.
Closer calibration is also planned for titanium, including a more accurate assessment of the effect of barium and other L X-rays in cases where interference is expected.
The sensitivity for a five minute analysis at 10:1 dilution of rock in LiB0 2 varies from 0. 09% for N a to 0. 01% for Fe. This is due to variations in .
cross sections, absorption effects, and fluorescent yields for the elements.
The present sensitivity for biological samples such as pressed protein powder or freeze dried blood ve.!':--_es from 0.8% for oxygen to 0.001% for iron in
'4 pickup by the glass is less than 1 part in 10 per day, however, surface changes have been observed for some samples a~er several months of laboratory exposure.
If less than 200 mg of sample is initially available, a ring or cup which requires less volume of glass may be used to scale down requirements, or the pill and standard may be made at a higher LiB0 2 to sample ratio.
Other Samples. Biological samples may be prepared by drying and powdering the solid or by freeze drying the liquid. The resultant powder is pressed into a 25 mm diameter by 0.75 mm thick pill. The pills are then held between thin aluminum washers for analysis.
For oxygen analyses on rocks or other materials, powder is dusted onto a mylar tape surface with a sample ring acting as a frame.
Filter paper disks from air monitors or other filtration procedures may be analyzed by simply placing the disks between aluminum washers.
The filter papers may be backed up with additional thicknesses of paper or with a pure nickel foil if the sample does not constitute an infinite thickness for some of the higher energy X-rays.
In cases where the samples have high moisture content or other volatiles present, they are stored in a high vacuum dissicators prior to being placed in the spectrometer.
RESULTS AND DISCUSSION
Analyses of three separately prepared sets of six USGS standard rock powders indicate reproduceability and accuracy of the order of one to two percent for eight major elements when calibrated against published wet chemical Table II) K BTi = a constant for given incoming X-rays (Ti in the example) and outgoing X-rays of potassium. It contains the geometrical and detection efficiency factors of the apparatus, the efficiency of production of potassium X-rays by Ti X-rays, and the absorption of an infinitely dilute LiB0 2 matrix. It is determined by a measurement using a sample with a known content of K 2 o. IK = the measured intensity of potassium X-rays per unit current.
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a 5 minute analysis. Preliminary experiments indicate that one to two percent oxygen analyses m~ be obtained for rock or mineral powders in ten minutes with the sample on tape procedure described above. Examples of observed spectra are shown in Figure 6 .
In obtaining these results, we purposely operated the spectrometer below its design capabilities in order to guard against any changes in spectrometer efficiency or other uncertainties which arise from higher counting rates while analyzing the three standard rock sets. This also allowed an accurate check on our sample preparation technique.
The spectrometer is now being tested under more efficient operating conditions. The preliminary experiments indicate that it will perform reliably and provide analyses comparable to or better than those reported here in fifteen minutes per unknown fused rock or mineral sample.
-17-LBL-1616 " . 
P------------------LEGALNOTICE--------------------~

